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OFIAMINAT!EDPIAE?TICS

STRESS

Creep testis of fiveMmJ3na.tedplasticsweremadein thisinvestiga-
tiontodeterminetheraLzti7ecreepymoyerti9sof thesematerialswhen
sub.lectedtovarioustypesof ste+.icELMdynszzlcstresses.C~ey defer-. __—
mati.onsweremeasured%5determkwthevariationof thesedefomnatioas
withstress.Foreacht:% oftest,thestressvaluesinvestigated,
coveredthestroesrangefromzswostressto theultimatestrengthof
thematerial.Staticcreeptestswwe madefortension,bendingand
torsion,andthecreepbehaviorwe,sstudiedforfluctuatingaxislloads
superimposedon statictensileloads.Ingeneral,‘hevariou~kindsof
creeptestsshowthatthecreepdeformationresfstan-everieswi~ the
ultimatetensilestrengthsofthelaminatesexceytforthetorsioncreep””
testsof squarecrosssections.Attemptsweremadeto interpret the
creeptestresultsforthepurposeof oWai.ninga stress-creep ra’t re-
lation.Thelog-log,logandkyprbolicsinemethodsof interpretation
wereused. The ~reement%etweonthesemethodsof in’hmpmtationand
thetentresultswasnotsatisfactoryso thattheresultsofthesein-
terpretationsarenotincludedin thisreport.

In selectf~theloadstobe usedforthecreeptestsitwasffr~t
necessarytomakecontl*olstatictestsin tension,ccnnpression,bending,
andtorsion.Forthesesimplestresstestsvaluesofyieldstrength,
ultimatestrength,stiffnessemdductilityweredetermined,It WELS
foundthatthemechanicalpropertiesofa lsminateforonetypeof sim-
plestres~exenotalwaysindicativeofwhatthepropertieswillbe for
anotherkiniiof stress.Forexe.npie,itwasfoundthatthecottoabase
lsminatatithalmostthelowesttensileultimatestrengthhasthehigh-
esttorsionalultimatestrength.

An auxiliaryprogremofteetswasmadetodeterminetheinfluenceoi?
repeatedstrem3ing,up toiOOcycles,on thestrength,stiffnessand
ductilityintensionendcompression.Threetyps ofrepeatedsbess
tests weremade- repeatedtension followed by a testtorupturein
tension,repeatedcompressionfollowedby a test to ru@mre in

a
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conqmession,andrepeatedtension-followedby a testtoruptureincom-
pression.!Elereyeatedstresseswereup tolnm-thi.rd.sof theultimate
strengthsfcreachte:jt.Fra thetestresultsobtainednogeneralcon-
clusioncanbemadeon theinfluence of prestressingon themechanical
properties.

INTROUJCTION

Wkenmaterialssuchaslaminatedplasticsaresubjectedtoloads,
thestz’ossesproducedareaccompaniedby deformationswhichincrease in
magnitudewithtimg.Thesedeforme.tions,calledcreepdefomnations,are
inadditiontotheelasticdeformationsad mayOCCL-ati-lowstress
values.Forsomematerialssubjectedto stresseskelcwtheyieldstress,
creepdeformationsoccuronlyatelevatedtemperatures.Am Important
applicationof steelatelevatedtemperatureisthesteamturbinefor
whicha defiignstremmustbe eele:te~lmseii on a permissiblecreepde-
formationthataliows oiiequateclearancebetweenthemoving~artsof’the
turbine. Thedesigncrln”essesinal.rcrsftptitsusirgltinatedplnatics
mustalsobe Selectedsothatcreepdefo.rmaticriswillnotdistortthe
memberstoanundesirableextent. L

1
Thepresenceofcreepinmaterialmsubjectedto stre~sinfluences

thetypeof stressdistributionandthemaximumstrsssvaluefor all
tyyes of stressexceptsimpletensionandcompression.Forexszple,
creeptestsinbendingshowthatthomszimumstresscalculatedusing

*

methodsdevelopedinthemechanicsofcreep(refereace1)w in some
casesbe abouttwo-thirdsof themaximumstress obtainedby theusual.
elastictheoqy.It seemsdesirablethereforeto includeina comylete
investi~ationofc~eep,botha determinationandan interpretationof
ex~erimentaldataforvarioustyyesof stress.Itmaythenbe poqsible
toapplythesedatatotheforni’dationofa mechanicsofcreepqplica-
bletotheyarticukz!materialinvesti~atud.

In theye.sijmostcreeptestsonplasticshavebeenmadeforsimple
tension(rei’ereiwe2). Althmghtension-creeptestsmaygivea compari-
sonofthecreeppropertiesforvarious plastics,thefactre~insthat
otherkindsof streesesarepro~ucedinaircraftparts.Forthisreason,.
theyresentinvestigationinclv.desa studyofthecreep-stressrelations
notonlyforsimpletensionbutal-soforstatictorsion,static benu~j
andstatictensioncombinedwithfluctuatingaxie.1stress.Testswere
alsomadefordynemictorsioncombinedwithstatictensionbutarenot
reportedsinceunreasonabletestresultswre ob+=ined.Specialequip-
mentwasbuiltforthecreeptestsandiiimostcasescreepdefom??ations
wereobsezwedforstressvaluescoveringthecoqleterangeof’stresses
to theultimatestrength.
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ControltestsweremA13on thefivelezdnatesin tension,compres-
sion,torsicnandbendingtodeteminethemechanicalpropertiesof
yieldstrength,Wtimatestrength,stiffnessendductility.Thepurpose
ofmakingthesetests~%sthree~old- (1)to selectstressvaluestobe
usedforthecreeptests,(2)to comparepropertieswiththosewhenre-
peatedstressiagwasused,end (3) ta provideamore com@etestudyof
theyhysi.calproperties. .-

At thesug~estionoftheAirMaterielCommand,ArIWAirForces,
testswerealsoconductedtodeterminetheinfluenceofrepeatedstress-
ingin tensionandcompressiononthemechmicalpropertiesofthe
Verioualaminatedplastics.

Thisinvestigationwasconductedby theSchoolofEngineeringof
The PennsylmniaState College underthesponsorshipandwiththefinan-
cialassistemceof theNationalAdvisoryComitteforAeronautics.Most
of thetestswereccnductedin‘&ecreeplaboratoryof theDepartammtof
EngineeringMechanics.Meaars.W. C.fi~hsndH.A,Albalawere,respec?
tively,full-timeandpart-t=-researchassistantsforthisQvoject.
Specialequi.pnents@.::~ecina~gWCO$emadeby.Massrs.S.S.Eclsley,E.
Grove,andH. Johnson.FrofessorK. J. WJL2MSZ of theE.ngineerfng
ExperimentStationtisig-~dqecid- tension aid compre~sionStraingages
andgripsforthetensiontests.Professor F. G.Hechlergavevaluable
adviceon severalproblemsimaluigtn.gthecontrolofhtidityforthe
tests. Dr.G. M.Kline,&ief oftheOrganicPlasticsSectionof the
BureauofStandards,gavetechnicalassistanceonvariousphasesof the
project.TheadministrativeMrectiongivenby NationalAdviso~
CommitteforAeronauticsandtheCollegeofEngLceeringendthetechnicel
assistancegivenby theforegoingindividualsinmakingpossiblethis
invesii.gationwasgreatlyappreciated.

SYMBOLS

A cross-sectionalareaof specimenj..squareinches

b widthof crosssectionforbendingsyecimensjinches

c creeprateforallcreey

Cb creeprateinbending

Cs creeprateintorsion,

Ct creepratein tension,

D dlsmberof roundtorsion

tests

de~eesperinchperhour

inchesperinchperhour

specimen,inches
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depthofcrosssection fur bendings+pecimen,inches

moduiusofelasticityin

modulusofelasticityin

motiv.lusofelasticityIn

mmlu.lusofelasticityin

bending, youndsyersquaretnch

cccap~esslon,poundspersquareinch

shear,,PCWZXISpersqua&einch

t9rx3ion,pcun%syersquareinch

.m@itudeofmotionofeccent~ic weightsfordynsmiccreeptests,
iachGs

strain; inchesperinchatruptuz-eincompression

Btrain, inch.esperinchatn’uptuz”eintension

creepstrain, Inchesperirr.hintension

totalsxialtensiondyn.amj.oforce, pcunds

g-e ler~fihor Gpemlength, inches

bendingmoment,inch-potis

massofrotatingeccentricweights,youndspereecondpersecond
perinch

totalexialmassappliedindynamictests,poundspersecondper
secondparinch

numberof stressrepetitionsinreyea%dstrasstests

loadin staticbendingtestatrupture,pounds

ratioof statictensiontomaxinmmtensilestressindynamictensfcn
tes”im

generalsymbolforstressforalltests,powndspersquare

ultimate strength
squareinch

ultimatestrength

(modulusofrupture)forbending,pounds

forcompression,poundsper squareinch

inch

per

.

b.

.

.
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(lIIOdliLUS of rupture)fortorsion,pounds‘per~”‘
.-

for‘knsion,poundspersquareinch

yieldstrengthforcom--ressioa,younds~ersquareinch

yieldstre~thfortension,pow.xlsyersquareinch

statictensilestressin
inch

shearstrqssfortorsion,. .,

@2amiccreegtest+,poundspersgmre
.-

creeptests,poundsyersquareinch

tensionstressfortensicncreeptests,pounds

statictwi.stirg~T@rLt atrupture,inch-pounds

W. ‘static.tensilelosta@3.edin&nemrlctension

x~ deflectionin sta’~icbendi~te8tsa’%rupture,

.—

persquw~’inch “

teBtEl,golxde ,.

inches,,..-
..—

e angleof $tistin statictorsiontests,degrees ..-

Lu frequencyof
second

forcedvibrationin dynamiccreeptests,radiansper .—
...-_

degrees —

DESCRIPTIONOFMAZERIALS
—.,.

FivelE&natedplasticswereselectedforinvestigation:

1.
2.
3.
4.
5’.

Glaasfa_&ic.lam&atewithpolymerizingt~peresin(G)
Hi~hstrengthpaperbaseplastic(P)

--.-.—.---——

Highstrengthraydhl~inatewithphenolicresin(R)
GradeC phsnolicrecinWminato(C)
CottonfabriclaminateasusedinGradeC butmolded~th

lowpressure(CL)

Forconvenienceinreferringtotheseplastics,thelettergivenh tie
bracketsabovewill.be used..Informationregardingthemanw%ctureof
thelmhates as suppliedby themanufacturerisgivenintable1. All~ .
thematerialstested,excepttheglasslaminate(G),werecross-la.ridkted,
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Table1 givesvaluesofthickneesanddensityof thelaminatesandin.
formationregardingtheresin,reinforcement,and.moldingcontlltions.

TEST2?RO(IEDURE

(a)Static‘Zests

Standardtension,co?gpresslon,andbendingtestswaremadeas out.
linedir.theFe&ralSpecifications(reference3). Thedimensions
compliedwiththespecifiedvaluesexceptthatthebendingspecimens
waretestededgewisesinceItwasnecess~ to testthecreepbending
specimensedgewise.Statictorsiontestsforbothsquareandround
specimensweremadein,orderto determinetheloadstobeusedforthe
torsioncreeptests.Foralltests,thespecimenswareheldat ~
percentA 2 percent-relativehumiditysndthetemperaturewasmain-
tainedat77’OA5°F’duringthetestand48hoursprevioustotesting.
Thetensionandcompressiontestsweremda ina 50,000-poundUniversal
Olsenmachine(fig.1). An enclosurewasconstructedaroundthetesting
machineas shownsotlaatairat ~0percentrelativehumiditycouldbe
maintainedby a pipeconnectionfromthecreeplaborato~.Thisprovi-
sionforcontrolledhumiditywasparticularlynecessaryfortherepeated
tensionandcompressiontestssincesow of theselattertestsrequired

t.

severalhoursforcompletion.

Forthetensionte~ts,syecialgripswereconstzwctiedwiths~herical
m

seatstoensureaxiallyappliedloads(fig.2),andthedeformationsware
msasuredby a speciallydesigned,,averagingtypestraingage(~lg.2)
readingto 5 X 10-6inch perdisldivision.Thegagelengthusedwas
2 inchesandthespecimsnswareabout3/8by 1/2inchincross-section.
Load-strainreadingsweretakentoruptureforat leasttwospecimensof
eachlambate,Whena largedifference”intheresultsoftwotestswas

—

obtained,marethantwotestsweremade. <

Forthecompressiontests,sphericalseatsanda syeciallydesigna~
averagingtypestraingage(fig.3)wereused. Theaccuracyof the
straingageusedmeetstheFederalspecificationragprirementby reading
to 4,8$Jx 10-4inch strainpargagedivision;Thegagelengthused
was1 inchandthecross-sectionaldimensionsofthespacimanswareabout
1/2by 1/2inch.Load-strainreadingsrarerecordedtoru@mreforat
leasttwospecimensasforthetensiontests.

Forthebendingtests,specimensabout1/2~ch @de by 1: Inches— —-
deepwer6loadad’at-midspan,Thespecimenswereloadedin theedgewise
yositionsincethecreeptestspacimensweresoloaded.Thesyan-dapth
ratiowasabout7. Daf’lactionsat themidspan~ra measuredwitha dial

●
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gageroattt~to 0.001inch.Readi~scf lbadand
cord6d‘truptureforatleastthreespscimqnsof

deflectionsw~re.re-.
each~terial.

Stattctorsioa+x2i3ti3were rimde so that torsionloa~valuescouldhe—
selected t’Grth9 toraicncze9-ptcmts.ThetestswereA in thetor.
sioncreepmachineshowninfigure9. 6~ecti-nsof?mthrov..t.mtEiASqUaZp. ._
cross sectionswez*eteatelsincecreeptestsusi~ bothki@8 ofcrcms
sectionsweremade. !l?heround. specimenswereab~~t1/2inchin&hmeter”
ad thesq~a speci.m.easwereabout1/2by 1/2inch. Thea~le oftwis~
wasrneasuxedto ().I.ofora gegeLeagthof 6 inchesfcm?mthtypesof
specimens. Lm3il-amgleof tznl.strea~~~sweretakentorupturefcrat
leastthreespacimnscfeachlaminate.

Forthetendon,compressionandbendingtests,thereadingswere.
taken*’onthem“ andtherateof etraj,nusedwaswithinthevalue
specifiad’bytheFedezmlSpecifics.t~ous(reference3). Thescelelead
intervalcm ihe‘bstingmachineswas5 pmnds andthetosti~ m.chim
wascalibrated.

(b)RepeatedStressTaats .;.

St~da..dsizetensionamiconqyessionspecimenswereusedto stu~
theinfslaenceoiirepeated.stressesonthemechanicalpropertiesof.the
lsminatesin tensionandcompression.Thetypfisof repeatedtests-de
were: repeatedtensilestressing,followedby testi.~torupturein
tension,repeatedccmprossivestressin&followedby testingto ruptureti
compress~.on,andrepea’~dtensilestressi~followedby testingtorupt@’e
in compression.In alltests,thenumberof stressrepetitions(N)was
100andthemagnitudeof themaximumstressd.ur:ngthaserepetitio~qof
stresswastwo.-thirdstheQtimatsstress.Somatestsweremadeusing
smallernumbersof stresscyclesand.lowermaximumstressesbutthere-
sultsof thesetestsarenotincludedsincetherewasnegligibleeffect.
on thestress-strainrelations.&ly twotestswmremad~foreachtype
of testandniaterialwhentheultimatestrengthvalues checked,but
creeptestswererunin casesof discrepancy.For-thetestsinwhich
repgatedstjjgsf~intensionwasfouowedby a compre88iontest,a
specimenabout2 incheslongwascutfromthemiddlepartofthetensi~
specimentopermittestingthematerialZncompression.Forthe~-
pSated.tensiontests,load-strainrea~ngswereobtained,on thefirst
reductionofloadfromtwo-thirdstileultimatestressto zerostressso
that~steresiscyclescouldbe plotted.

(c)CreepTests r—

All.creeptestsweremadeinq roominwh~chthetemperaturewas
77°Z 5°F =d tiere.ktlvehumidity50percent~ 2 percent.The

7
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humiditywasmaintainedconstantby.mean~ofbotha humidifierenddehu-
midifierhavi~ auixmaticcontrols.Statictension,staticbending,
statictorsion,andi@naEcLccrsepte~tsweremadetodeterminethe
stress-creepdeformatlo~.relatimsforthesevdrioustypesof stress,

.

.

Thestatict~micgcreeptestswareUde usingthetwo-levertype—-,
tensicmcreeptestir~machinesshowninfigures4 and5. By meansof
thele-iez-loadl~.systemus9d,a constantstresswasmaintainedona
~~ecimndw-lnga tsst:Thecree~tensions~echenshadthe,s~ -n--”
sionsasths standardtencionspecimeasexcaptthata longerstraight
sectionw-asyrovidedw%d.chgavea gagelerstlnof10.inches.Thiein-
creaso~gagele~@lloneuredincreneedaccuracyInthe’creepstrainread-
ings. Thecreepstrainsweremeamzzedhymeme of’a straing~e using
micrometermicroscopesas showninfigure6. Target”’pointson the
syecimsnswereprovid.ed.byusingblackIndiainkdotsona whitepaint6d
lmckground.!Knetotalcreepstwainswe~emeasuredto0.00002inch.

Staticbendlnqcreel?testsweremadeusingsyecimens1/2inchwide
by l:~e inchesdesp.T& testswereco@uctedin themachinesho-wnin
fQure 7. A singlecreepbendingunitis showninfigure8, lll.uetcat-
inghowthespecime,ni.~subjectedtoa pJre ?mzili~ momentfreefrom
traneversoshearstremes. Crwp deflectionsweremeacuredovera 2-inch
gagolengthby meansofdialgagesreadln~to0,0001inch.

~tatictorsioncreeptestsweremadeonlmnina~gR, ~ andG, using
bothround(1/2in.diameter)andsquare(1/2by 1/2in.)specimens.Al-
thoughthexoundcrosssectionisthetypeusuallyusedinmat9riels
testin~,theitiluenceofthebindingmaterialinl,tiuatesis different
in squareandroundcrosssections.Fortiiisreasonbothtypesofcross
sectionswereused. Thetorsioncreeptmstsweremade,usingthefour-
unitmachineinfigure9. Theloadingarmsmgemmtconsistsofa dead
weightappliedtoa pulleywhichproducespuretorqueon thespecimenby
meansofadequatebearingsupports(fig.10).. Theangleoftwistwas
measuredovera 6-inchgagelengthbymeansofa twistmeterwitha
vernierreadingtoO.1O,

btc’ tensioncreeptestsweremadeusinga hypocyclicoscillator
typedynamicmachineas showninfigure11enddescribedin reference 4.
In thesetests,a statictensileIoadwasappliedtothespekimenby
weights(fig.11)anda superimposedfluctuatl~axialloadwasproduced
on thesyectinby theoscillator.Thecreepelo~ationsweremeasured
fora 7-inchgagelengthusingmicrometer~tcroscopesasforthestatic
tensioncreeptests.Thecapacityoftheoscillatormadeitnecessaryto
usespecimensof smallcrosssectionsabout0.25by 0.10inch.Duringa
test,hnatingof thespecimenwaspreventedby theuseofcirculating
airproducedby a fan.

In all creeptests,initialstrainreadingsof thecreepmeasuring

.
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.

.

instrumentswererecordedbefo~ethespacixanwasleaded.Afterloading
thespeeimens,theirfitlaldefozvnattonwasrecorddia.ail.readingsofthe
creepd.efcxrmatioaswelwnotedat sei9cteaintervalsct tim throu@out
thelifeofthetegt.?HIOstatictension tests covered & periodof l@O
hours,thesta.tfcbendi~andtccrfiton1000hours,andthedynemictensicn
200hours.Itwasnece~sarytousetheshcrterpsxiodoftimeof200
hours~ortheLyec tensioutestssinceml.yonesuch‘%sLcmld be

--

runat cnetime. .L—’

Creeptestsalsoweremzdeon specimenssubjectedtofluctuatx
torsionS~yerimp@sedon statict@nt3iG~.TAoi’~~titsOf thesetOStS
wereeYT:atiC,antiunreasorablovaluesforthedynamicshearstresswere
obtaine~basel.on theu=asured~leQ of twist.It isprobablethatthe
errorsintrmlucstwerein th3mafisureilan@es of twistresultingfrom
theuseof s-pecimenswithsmallcrosssections.T% resultsof.thess
dynsmiatorsioncreep
unreliable.

had-deformation
andtor~ic.nteetsare

testsareomittedfwu thisl*apox*tsincetheyare

!?3s72Iw3TmTs

relatiGnsforthetension,compression,bending,
showninfi~Q.l?OS12,1.,14,15,and16,rSS@C-

tive~. FmM tkesegraphs,andwhereit;.ns~oseible~thefollowing
mechanicalpropertiesweredetemirmd:(1)theyieldstrengthdefined
by 0.2perbentoffsetstrain,(2)theultimatestre,ngthormodulusof
rupturs,(3)thestiffnessas definedby thesecantmodulusofelasti-
cityend(4)theductilityas defiaedby thedeformationatrupture.

Th9valuesof thepropertiesfortensionandccmqnression,obtained
fromfigures12and13,arelisted.intables2 and3. ThesecantmGdu-
lusvaluesgivenem basedontheslopeof thelinebetweenthepoints
of Zei”osad70C0Foundspersquareinchstressvalues. —

Thevaluesof themechanicalpropertiesforbending,as obtained
fromfigure14,a~egivenin table4. In table4,theulti=testrength
(modulusofruyture)andstlffrmsswerecalculatedonthebasisthatthe
materialobeysEookers‘Lawin tensionandcomp~essionandthatth6mate-
rialishccmgwneousanlelastic.Thatis,theultimatestrength(~)
andstiffness(~) arerespectively . —

3~bL
*=— (3)

2bd2
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(2)

whbre

load at ru~ture

loadcorxesyonding

spanlength

widthofspecimen

depthof specimen

Pb‘L3
%=

4ybbd3

to a stress+ equalto’5CO0psi

deflectionconewponding

TM ductilityinbend3ng
deflectionatrupture.

to load Pbl

—

isgivenintable4 intezmeof thecenter .

ThemechanicalyroTertiesintcmsionas determinedf~omfigures15
9

and16forbothroundandsquaresyecimensareliitedin tables5 and6.
Assumingforcomparativepurpo~esthattheultimatestrength(modulusof
rupture)canbe determinedby thetiaeo~yofelasticity(reference5), .
theultimatestrength(S~)forthesquareemdroundcrosssectionsare
respectively

m
‘sSs =! (3)

O.208t3

5.08TS
ss.—

D3

where

T~ twistingmomentatru@_zre

t cross-sectionaldimensionsofthesquaresyecimens

D diameterof theroundspecimens

(4),

*

.
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Thestiffness(Es)is determinedintables5 and6 basedon the
secantmodulusfora stressof 2500ysi. Assumingthetheoryofelastic-
ity,thevaluesforthestiffnessforthe‘squaread roundcrosssections
arerespectively

where

Ts~ twistingmoment
equation(3)

Es =

Es =

corresponding
or (4)

es angle of twist indegrees for

L gagelength

407LTsT
(5)

t4 es

584LT~’

(6) _
D4 @~ -...

toa stressequalto2500psiusing

torque(Te!)

Theductilityvaluesintables5 end6 are theenglesof ttistatrup-
turefora 6-inchgsgelength. —

A cmparisonof themechanicalpropertiesof tileffvelaminatesi~
givenintable7 basedon100percentforthehighestvalueof the
mechanicalpropertyconsidered.

4

(b) RepeatedStressTests

Theload-straindiagramsfortherepeatedstresstestsare@ven
infigures12,13,and17. Infigures12and13,theload-straindia-
gramsaregiven.Thesediagramssredesignatedfor R = lCO, where N
isthenumberof stressapplicationstotwo-thirdstheultimatestress.
Thevaluesofthemechanicalpropertiesoryieldstrength,ultimate
strength,stiffness,endductilityas obtaineafrom the load-etraindia-
grsmsaregivenin tables8,9, and10. Thevaluesof these~rqm?ties
weredeterminedinthesamemannerasforthestatictests.using
valuesfrczutables2, 3,8, 9, and10,thepercentchsmgeinl?roPerties
producedby repeatedstresswas calculatedan~listedintable11.
Hysteresiscyclesintensionwereobtainedas showninfigure18. The
areaboundedby theload-strainlinesisproportionaltotheener~
dissipatedper cycleof stressandis ofpracticalinterestsince this

—

11



.

I

energydeterminesthedampingyropertlesofthe’material.Thevaluesof
theseenergies,as obtainedfromfi~-e 18andexprsesed~ninch-younds
percubicincharegimn intable12.

(c) Creep Tests

Thestatictensioncreep-timerelationsareplottedinf@ures19
to 23forthefivematerialstested.Thestrainsperinchofgago
lengthwerecalculatedfromthemicrometer.microscoyereadings,a.zdthe
valuesplottedincludedboththeelasticandcreepstrainsinccaupliance
withtheusualpractice,In thecreep-timeplots,theteststhatdonot
cover theentirete~tingtimeasshownby a solidor dottedlinsinikt-
catethatthespecimenruptured.

Thestaticbendingcreep-timediagramsplottedinfigures24to28
areshownIntermsoftotalcreepdeflectionfora 2-inchgagelength
sincethecreepdeflectionwasmeamredfpra 2-inchgagelengthandthe
deflectionIsnotproportionaltothagagelength.

Thestatictorsioncreep-timegra~hsaregiveninfigures@ to 35
formaterialsR, l?,anCLGasrequested.Theserelationsaregivenfor
bothroundsndsquarespecimensintermsofcreepangleof twist~r
inchgagelengthversustimeinhoum, Thestressesshownforeach
creeptimegraphinthebendi~andtorsioncreeptestswere ccmzputed
usingequations(1),(3),and(4).

.

●

.

Forthedpamictensioncreeptests,theunitcreepstrain-time
graphsaregiveninfigures36to 40for various valuesof themeanor
staticstrees(~) a~plied.To determinethevalueofthe-c sxial
force,thefolloviagequationobtainedfromreferenoe4 wasused,

we c302cos q)

“Fe=
MOL ;

1 -—00
E.hA

where

Fs totalsxialdynamicforce

Me massof therotatingeccentricweights

(7)

P

.
12
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the eccentricweightswhentheoscillatoris

frequencyof thefoi>cedvibration

.ghasean@

static”“miialusofelimtf.cityin tension
.,

‘total’massbppliedincludi~eccentricweights(We/g)
.,

,overtialllengthof specimen

The”maxizuomtensilestress
then
,., ,. ..,,.’.-

,,.
,’ ,,’

andthemeanstaticstress

,,

,,

azpliedby the‘stati”caiiddynamicforcesis

—

is

W.

%=— (9)
A
.,.

,,
‘,

Thevaluesofthemsximumandme= stressesStt and ~ cd.the
sttiess~“atiosRt = ~Stt aregivenin table”17foreachtest..For
comparisonof%hedynamiccreeppropertiesof thefivelaminatesit
wouldhavebeendesirable.tomaintainthestressratioRt constantfor
idltests.Becauseofthenumberofvariablesinfluencingthedynamic
“forcevalue Fs (seeequation(7)).itwasnotyossiblet~fixthevalue
of theratioRt. However,exceptfortheG material,thevaluesof Rt
variedo- a slightmount fromtheaverage“vdqeof0.64.Forthli”
reasonthecreepdataforthelaminates qsn be compsxed. ....

Thetypes
illustratedin

offractures‘producedinthestaticandcreept6stsW
figures41 to47,

13I
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ANALYSISANDDISCUSSION .

. . .

An exsminati?onof thevaluesof themechanical‘propertiesinten-
sion,compression,bending,andtorsion,asgivenintables2 to7,
showsthatthepropertiesofa particularls.minatearenotequallyas
goodforalltypesofstress.Forexample,table7 showsthattheG
laminatehasthegreatesttensilestrengthandtheCLmaterialthe
least;whereasfortheCLmaterial.,theductilityisgreatestandfor
theG leminateitisleast.Also,forbothcompressionandtending,
althoughtheG materialhasthegreateststren@h,theCLmaterialhas
thebestductility.In torsion,table7 showsthattheC leminakhas
thegreatestultimate6tren@hwhiletheR materialhasthebestductil-
ity. Apparentlythechoiceoflaminatedependsupontheparticulartype
ofmembertobe designed,thetypeof stressinthemember,andthe
strengthandductilityrequirementsthatareconsideredadequate,It
shouldbenotedthatthedeterminationof themechanicalpropertieswasa
secondarypurposeinthisinvestigation,andanexactcomparisonwith
precisetestresultswasnote~ected.

Theinfluenceof’repeatedst~s%ng UIAUOcyclesonthetension
andc~resslonpropertiesis shownintable11, l?ositivepercent~e
valuesgivenrepresentanimprovementin theparticularmechanicalprop-
ertywhilea negativevaluerepr~sentsa decreasein themagnitudeof

.

theproperty.Froma comparisonofvaltiesintable11thefollowing ““
analysiscanbemade: .

1.Fortensionstressingfollowedby a tensiontest.-Theinflu-
enceonthetensilestre@h wasnegligibleforalllaminatesandthere
wasa decreaseofalout 25percentinductilityandstiffnessforthe i

CL,C,andRlaminates,andan increaseinyieldstrengthforthesemate-
rials,

2.ForcomwessionstressinR followedby a compressiontest..The.—
influenceonthecompressivestrengthwasnegligibleforalllaminates
andtherewasem increaseinyieldstrengthfortheC,R, andp lami-
nates.Thestiffnessofthe.CL,~and J?materialsdecreasedsndthe
ductilitydecreasedforalllemdnates.

3.Fortensionstressingfollowedbya compressiontest.-Forthe
CL,C,pndG laminatestherewasa ~creaseincompressivestrengthand
ductility,whilefortheP materialtherewasa slightincreas8.The
yieldstrengthoftheCL,C,andRmaterials,“increasedandthestiffness
of theselaminatesdecreased.It shouldbenotedthatinsomecasesthe
percentagedifferencesgivenintableJ.1arewithinthedifferenceob-
tainedfromtwostandg.rdtests.Limitedtimepreventeda morethorough ,
studyoftheinfluenceofrepeatedstress.Thatis,itwouldbe desir-
abletoconsiderintermediatevaluesof.numberof stresscyclesand
otherr~es of stress, . . .

Ilk
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.Thevaluesof’theener~ dissiya.tedpercycle&uringstressingin
tensionto two-thirdstheul.tinktestressaregivenintablel$?.The
Talues listedafiowthattheR and1?materte.hhavethebestdamping
properties.T@ G nterialhasthepoorestdampingvalue,havingonQ
about17~rcentofthevaluefortheR itil~fite.

Valuesofthecreepdeformationsforthedurationof thetests,as
obtainedfromfigures19 to ~, arelistedinthalastcolumnof tables
13to17. Table18givesthecreepdeformationsforthevariouslami.
natescorrespondingtoparticul~stressvalues.Thecreepdeformations
givenintable18wereobtainedby plottingvaluesof thecreepversus
stressasgivenin table~13to 17,ed repressntapproximatevalues
only. Therelativecreepcharacteristicsforthevwiousmaterialsun~
tensile,bending,torsion,anddynamic‘tensionareindicatedalsoappro~
imatelyby thecurvesgiveninfigures~ to52. An exsminatioaofthe
creey-stressrelations for varioustypesof stressshowsthatthecreep
resistancevarieswiththeultimatetensilestrengthof thematerial ex-
ceptfez”the torsioncreeptestson squareEpecimens.Thatis,the
materialcreep ratingisin thefollowingorder:G, P,R, C, andCL,
withtheG laminateliavingthehighestresistancetocree~.The___
tudesof thecreepdef’ormhtionshavea widerangeforthefivela@nate81
Forexample,‘thecreepdeformationundera statictensilestressof 6000
PS*,for.the,Gmaterialisabout5 percentof thatfortheCL.mterial.
I?or.a’bendiagstressof 6000psi,thispercentageis about 10. “The
-c creel? tensiondatashowthat,foramean stressOf hooopsi,thfi”
creepdeformo,tionof theG materialisabout10percentof thatforthe
CL laminate.

---

TheforeGo@ comparisonof c~eepboh~viorisbasedonperiod~of
time coveredby thetests.It isimportant,however,to detmminca
moansof extrapolationof thedatawhichtillgivem“approximationof
whatthecreepdeformationwillbe forperiodsof time~eaterthan
thouecoveredby testsanda proachi.~theesttitedlifeAn service.
Inpublishedinvestigations?reference2)onplasticsdoali~nti.thcreep
tensiontests,m commonmethodhasbeentoslotthecreep-timedataon e
log-logplotandtoassumea linearrelationbetweenthecreepdofo-- ..__
tionsandtimewhenplottedinthis~. Thatis,At isassvmndthat
~ora particularstressvaluethecreepis et z.=kt , where t istho
timeand k and n areqperinentalconstants.Withsucha ralati.on,
thedataCarL he extrapolated. end th creep eb cm be dmterminod for
timevalues t not covered by thetest.

.—
Unfortunately,thiscreep-t.trm

relationisnotadequateforthedataoltainedinthtsreportexceptfor
thestatictensi~CreepTesfits.For thisreason,,md in Ortirto
determinea creep-stressrelation,thelog-log,lcgand ~perbolfcsine
methods[reference1) of interpretationwereappliedtothetesttiti.___.__
Allthree~thodsof intcmpretaticmassumea constantoreeprateso that,
wherenecessaq,straightlineswereassumed.torepresentapproximately
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thecreep.t& datainfigures19to 40forperiodqoftimebeyondthe
initialcreep.An irmyecticmofthesefiguresshowsthattheap~roxima-
tionof thedataby-straightlinesformgstofthelowerstressvalues
isgoadexceptforthetensioncreepdata.Forthehigherstressvalues
thereisa,divergencofroma straightline,It ,shouldbenoted.,how-
ever,thatthesehi@er stressesarebeyondworking~tiessvalues,The
slopesoftheass~edstraightlinesInfigures19to @ arecalledthe

,’ crecrpratesandtheirvaluesado~imn intables13 to18. Thethree
methodsofinterpretationwwe appliedtothefivematerialsandfour
typesof creeptests.Creeprate-stressrelationsobtahedshowedthat
no oneofthesemethodscouldle consideredtole mfficientl.yaccurate
to interpretthetestdata.Forthisreason,theseresultsarenotin-
cludedinthisreport.

CONCLUSIONS

1.Therelativovaluesof themeohanlcalpropertiesofthelami-
natesintension,compression,lending,aridtorsionarenotinthesame
orderforalltypesoftests.

2. The effectofreTeatedstressingto100cyclesintensionand
compressiononthemechanicalpropertiesvaried.Formosttests,how.
ever,therewasa decreaseinductilityandstiffness,andan Increase
inyleld.strength.

3. Thecreepresistanceofthelaminateswasfound’tovarywiththe
ultlmatetensilestrengthforalltestsexceptthetorsion-creeptests
on squarespecim9ns.

.

EngineeringExperimentStation,
ThePennsylvaniaStateCollege,

StateCollege,Pa.,April1946.
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TABLE1 -DESCRIPTIONOFLAMINATES

Laminate CL c R P G

Cons.Watez
Manufacturer Synthane Synthane Formica

Corp.
Power& Pa., ---

Corp. Ins.Oo, perCoe

Thiokness(ln~) 0.536 0●l+.76 0.491 0.509 0.505

Densi.ty(gm/cm3) 1.29 1.36 1.37 1042 1.87

Type Phenollc Phenolic PhenolicPhenolto Unsaturated
Polyester

5 Identifica. Bakelitem Bakellte 91-L Bakelite Plaskon
tion BV-16.887 BV-111.2 NO.16526

2
900

Con:~ntby $+$ 51 47 37-90
(no%al)

43

KindofFab. May Army Rayon.aot- Paper Glassfabri
z rac Duok Duck tonf’abri.c Heattreatel
8
~ PlyArrange. Crossed Crossed Crossed Crossed Parallelment2h
: FabrlaWeave --- ..- 3/1Twill --- ---
2 .

Fabrh t.-Y 10.38 10.38
OZ/yd 1.2.5 --- -“-

MoldingPres- 180 1800 1100 250 40
sure(pos.l.)

3 ‘O1?%?‘emp”
320 320 320 310* 10 180-220

3
2 TimeofCyole
~ (rein)for

50 50 --- Faatas 2hrs.at
possible 160°F

g heating 2hrs.at
180°F

g 2hre.at
~ 200°F

2hrs.at
s 220@F
TimeofCycle --- ---
(ln~n;r

20 Cooledin -s-
till air
at75°F

18 .- .
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TABLE2 - MECHANICALPROPERTIESIN STATICTENSION

-.

Yield Ultimate
lat. Spec. Area Strength Strength Stiffnee

8’
Euotll%ty

Ho. A
;Kl 2

Etx10- 100eT
sq.in. %

1
::;;k k;:: ~~~ ~

c):~8 5*5
CL 2 5*5

Aver. 5,100 0.6 5*5

0.177 5,100 11,300 :::4 3*3
c i 0.177 5S700 11,300

z
3.7

Aver● 5,m 11,300 009 3~5

0.180 7s700 2 ,000 1.48 304
R 2 0.184

k b
7,00 2,00 1.45 3.4

AveP. 7,00 , 00 I*47 3.4

00190 1 ,300 25,200 2.58 1.4
P 2 0.190 2i

8
00 25,200 $:% 1.5

Aver. 21:00 25,200 1.5

0.188 ;7:~:: 3 ,300
2 ii

k$:9
1.5

G 0.189
ii

3 ,200
5

1.5
Aver. 3 ,300 3 J3°0 2.5 1.5

TABLE3 - MECHANICALPROPERTIESINSTATICCOMPRESSION

Yield Ultimate
Mat. Spec. Area Strength Strength Stlffnes

t
Ihlcti.lity

No. A
%

Sc Ec X 10- 1009C
sq.in. p? pet psi %

0.279 0.68
2 19

, 00 21,00
2

1.4
CL 0.277 , 00

?
21,00 0.5

1
1.2

Aver. 7,00 21,600 0.6 1.3

0.236 8,500 21,200 “ 0.77 1.0
c $ 0.238 8,100 21,1+oo 0.7z

Aver. 8,300 21,300 ;:% 0.90

0.254 8,400 19,200 107 0.40
R : 0.252 8,200 19,600 zh 4 0..44

Aver. 8,300 19,400 1.71 0.42

Us$ 10,600 19,800 2.39 0.47
P : 9,800 19,900 2.71 0.45

Aver. 10,200 19,900 2.55 0.46

1 0.258 40,800 40,800 2.97

ii

0.1
G 2 0.264 41,000 41,000

40,900
2.81 0.

Aver. 40,900 2.89 0.

19
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w- MECHANICALPROPERTIESINSTATICBENDING

Ultimate
Strength

‘fPa

Mat. Spec.
No-

Width
b
in.

Depth
d
im.

Stiffnes
Eb X 10-~

psi

Ductility

12

O*547
0.542
0.545

0-473
00473
0*473

0.481
0.481
0.478

0.505
0.50
0.50i?

0.506
::;*;

16,700

k
16,00
16,00
16,600

;
3Ave??.

:
3Aver.

:
3
Aver.

2
3
Aver.

2
3
Aver.

1.I.22
1.1.2
10I2?

1.15
1.d1.15i

i:E;
1.121

1.1.27
;:gz

1.117
1.163
1.*

0.79
009
$007

0.82

0.43
009
J?003

Oe@

CL

c

R

P

G

0093
0.93
0.93
0093

0.31
0.3
003i?
o.%

k31,00
29,00
31,900
31,000

1.58
1.58
1*5
1058

O*JJL
0037
0.39
O*39

31,100
3.2,100
31,100
31,~oo

0.16
0.1
0.1ii
0.17

H3,00
4?;6%
49,200

2.39
2,5
2.i
z2. 3

O*21
0.20
O*2O
0.20

~Valuegivenis averageof6 testscmspeeimena1/2Wx 1/2”x 6nspan* w

9ELiui.- MECHANICALPROPERTIESINSTATICTCRSION
SquareCross-Sections

Stiffness
Es x 10-6
psi

Ulttiate
Strength

‘fpa

Duotllity
es

de&?ees
Mat. Spee.

No.
Dimen.
t
Ine

O*11
0.13
0.13
0.12

:
3

Aver.

;
3AveP.
1
2
3

Aver.

:
3Aver.

2
3

Aver.

0.521
0.28
?o.21

0.48
0.48T
0.487

0.491
3

0.40
0.44

0.506
0.506
0.507

0.502
0.501
0.508

CL

o

R

P

G

0.2
0.2!?
0.28
0.26
0.25
0.23
0.19
0.22

0.36
0.36
0.36
0.36

5,9005,00
‘i5,00

5#700

.

.04.6
0051
0.56
0.51

60
60
62
61

7$300
i
,100
,200
78500
20
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TABLE6 - MECHANICALPROPERTIESIN STATICTCRSIOl?
RoundCross-Seoti.ons

T31tlmate
Strength

‘fps

Dia.

i:.

Sti.ffnes
!!!Es X 10- .

psi

Ductility
&

degrees

Mat. Spec.
No.

~ 80;

4,800
4,800

8,400

i

7,00
7,00
7,00

180
170:

3
Aver.

:
3AveP.

2
3Aver.

;
3Aver.

;
3Aver.

0.502
0.500
0.501

0.4.44
0.43
0.46i

0.476
0.47
0.47t

i
o.01
0.80
0.485

0.00
?3::42

0.;:
0.26
0.26

0.35
0.31
0.26
0.31

0.19
0.20
0.21
0.20

0.40
0.38
0;36
0.38

CL

c

R

P

G

175

110
115
112
112

60
&38;
38

.

.

~- CCMPARISONOF MECHANICALPROPERTIES

FCRFIVE

1Rat
Typeof
Test

Tension

Compres.
aion

Bending

Torsion
(round)

Torsion
(Square)

-7—
Kat. Mat.

— —

UltimateStr-.G
YieldStr. G
StiffnessIG
Duotilitiy CL

100
100
100
100

CL
CL
CL
P

R
CL
CL
G

::
P

R
R
P

R
CL
P

UlttmateStr”.G
YieldStr.
StiffnessI:Ductility CL

UltimateStr.G
Stiffness
Duotiility

I
;L

100
100
100
100

100
100
100.

.

UltimateStr”.C
Stiffness
DuctilityI :

100
100
100

UltimateStr.C

~

100
100
100

— —
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TABLE8 - MECHANICALPROPERTIESINT@LSIONAFTER

100STRESSREPETITIONSINTENSION

TO 2/3UL5’IMATESTRENGTH
Yield
Strength

%2P

Ultimate
Strength

St
psi

Eiona
:

0.58
005&

0.40
d00 7

0048
0.47z

0,510
0.513

0.502
0.506

Speo.
No.

Stif’fnef3
EtX 10-t

psi

Mat.

CL

c

R

P

G

6,200
6,300
6,300

0047

B
o* -
0.

0.65
0.77
0.71

c)::;

1,01

2.27

%$8

::;
z

2.69

pot
4*4
2,
2.2
2.6

2.6
2.8
2.7
1.
1,t
1.6

1.2
1.4
1*3

D.376
0.377

2
O*37
O*33

0.372
0.372

O*34
z0.31

0.366
0.366

z,000
,900
9,000

10,500
11,200
10,900

24,600
2 ,000
2’?,800

27,300
27,200
27,300

35s900
8

35#00
35000

:
Aver.

:
Aver.

;
Aver.

;
Aver.

:
Aver.

z7,007,00
7$900
22,500
21,900
22,200

23,100
22,00

ii22,00

35,900
58
q,oo
3,00

.

.TAME ~- MECHANICALPROPERTIESINCOMPRESSIONAFTER

100STRESSREPETITIONSINOOMPRESSION

TO2/3ULTIl@%TESTRENGTH

Held
Strength

%!P

Ultlmate
Strength
so
pa3

Mat. Dime]

1:.

ions
~

Sw.ffnes
E* x lo-g
psl

Duotillty

$

0049
0.498

0.482
0.478

0.480
0.482

oo499
0.501

0.501
0.500

00549
0.550

0049
0.49i

c):go
J

0.500
0.504

00529
00500

20,800
20,800
20,800

21,200
22,00

321,00
19,100
19,200
19,200

19,700

?;j%

36,500
38,000
379300

1
Aver.

7,000

2
,200
,100

?I!
, 00

1
10;6%
14,00

!?ii?,00
13,300

15,000
15,400
15,200

36,500
38,000
379300

22

0.55
O*5
0.5z

0.87
005
?!0.1

0.98
1.36
1.17

1.43
1.31
1.37

3.35
3.
3.1?

0.3
0.8
0.7z

CL

c

R

P

G

:
Aver.

o●&
0.’7
0052

2
Aver.

;
Aver.

004
0,z
0.&

.

.2
Aver●

0.11
0.11
0.11
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TABIE10- MECHANICALPROPERTIESIN COMPRESSIONAFTER

200STRESSREPETITIOI?SIN TENSION

TO 2/3 UIWIMATESTRENGTH

Speo.
No.

Tenston-
Tenslon

Comp.-
Comp.

Tenaion-
Comp.

0.376
0.378

~
0034
0037

0.384
0*373

0.37
z0037

k
0039
0.36

0.538
0.550

0.45
i0.49

0.04
z0.05

00509
O*51O

::gg

12,600

“E:;%
It,3~o

a9:00
13,100

if’
10, 0
11,00

8,700

:;8::

36,800
35,000
358900

Ultimate
Str~ngth

pa?

18,300
17,00

317,00

$8:;%
19,500
17,600
17,600
17,600

19,400
19,400
19~400

36,800
35,000
35s900

Stiff’nes
E~ x lo-i?
pal

0.41
0,9
i0.0

o* 1i!0.2
0.57

2.68
2.38
2.53

2.9
3*d
3.05

TABLE11 - INF-CE OFREPEATEDSTRESSINGON

THEMECHANICALPROPERTIES

Material

CL

:

CL
c

G

c

3
0
+8
-6

-17
-8
-6
+9
-12

0.61
0.56
0.58

0.62
0.64
0.63

0.36
0.34
0.35

0.47

3
0.4
0.4

0.13
0.13
0.13

%w5--
Strength

+22
+45

1
+: 3

-18
+27
+60
+49
-9

+67
+17
+51
-1
-12

-1.2
+10
-2
-?6+21

-37
.23
.62
+24
+5

-55
;~o
+2
-13
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TABLE12 - ENERGYDISSIPATEDPERCYCLEFORSTRESSING

INTENSIONTO TWO-THIRDTHEULTIMATESTRESS

Ultimate EnergyDissipated
Mat. Tensile Spec.No, perCyale

Strength (in*lb.perou.in.)
psi

9CL 25.7
CL 9200 10CL 25.

Aver. 25.i
2C
k

18.2
c ll,~oo 2 20.7

Aver. 2000
5 .5

R 24$700 % i5 .5
Aver. 54.0
2P

P 25,200 82P g:;
Aver.

L
G 9.8

G 38,300 ~9.5Aver. ●

TABIE12- STATICTENSIONCREEPTESTDATA

Mat. Speo.Area Load Stress CreepRate Cheepet
No. sq~in. lb.

‘tps in.\in.}&.X 106
at 400 hr.
in.x 500

C&;
; 8 8Z! $::%

O*5O
0.202

1010 k

i
:;917 $:3$

CL 0.200
1.0

1,037 2
10.0

1.0 11.0
2

0.208 1,230 29,20 26.0
0.207 1,359 ,570 ;::: 26.7
0.174

:
k

35; ?;~:g ?
o.0

0.17
3.8

z

1.0
0.17 917

z
J7

1.90
c 0.16

8
1,077

6;k~~
2.00

%
J

1?
0.11 1,20

3 2
.20 1 :2

0.175 1,37 79950 .00 --

0.181 838
$ &h,60 1.00

0.178 1,16
z

4::

?

,520 1.60
0.178

2
1.90 z

R 0.178 ~’95~s80:$$$0.178
2.30 10:

2 ?
2.30 ii

0.178 2:1511.2,10

8
0.17

1
3:::

2,53214,260 $!
0.17 2s55049310 2.10 32 .1
0.10

; ?
1,110 5,80

3
0.5

O*11 3
2.8

t
NJ; 1?;;2:

0.9
0.182

P
1.3.

z
2:;

0.13
i

2;82914,670
5

1.0
0,17 2,83015,120

9.0
1.36 10.5

0.168 838
2 Hi

, 80 0.05
1,491 00

1*12

?
:::Tt

0020 2.22
2,26513:100

G 0.14
L

0.26
2,93 17,300
8

3.67

2 :::71 $;44?:2;;::
0.60

i!
.50

0.40
0.25 6:!?

-.

.

.

—

.

.

.

.

—



,

.

.

.

NA(JATN No. 1105

auu4- STATICBENDINGCREEPTESTDATA

Mat● SpeeO, DimensionsMoment Stress CreepRake CreepDef.
No. M

5
at 1000hr.

in. in. in.lb. P8 in./h2 x 5X105in.x 1000
(211gagelength)

0.540 1.125 468 4,120
;

::$% z~~ $:% !%

7.50
0.540
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2
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::??l ::3 X38 7;;$
$;:

1018
5 1.2 25Z!o

1
g ;:3 ~q $:$

0●480 Oo11.1 9.20
0.47 0.23

i ~4

9*7O
c 0.47 le125

z I
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77 7: 00 00h $:~~
~ 1.12 917 9,235 0093
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0.4 1.127

2?
,260 0.28
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; z
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0.4 1.127 0.20

6~~9i ?
7. 0
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?

0.31 9*o
R L 3.26 O*5

J
12.70

~ ~$g ::ig g!jij $!$
1.0 1 ●1O ._
0.91 J1 .10

z *2%
1.30 26.00

0.482 1.100 1519 1.93 32.00
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z

P
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~- STATICTORSIONCREEPTESTDATA- ROUNDCROSS-SECTIONS

Spec.
No.

Dia.
in.

o.&6
0.475O*45
J00 3

Lo.h952 0.50’0

i
o.02
z0.93

1? 09499
o.~oo

7 0.500

0.501
: 0.04

J?
i::4;2

T;:::stg

h. lb.

3~:6
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7;::

33*4
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TABLE18 - COMPARISONOFCREEPDEFCFLMATIONS
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Figurel.-Universaltestingmachineshowing
enclosureforhumiditycontrol.
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Fi@rre2.- 8pecimenassemblyfor
tensiontei3ts.

Figure3.- Specimen assembly for
compressiontests.
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Figure 41. - 8tatic tensionspecimensshowing
type of fracture; left to right,

materials CL, C, R, P and G.

Figure42.- Staticcompressionspecimensshowing
type of fracture;left to right,

materialsCL,C,R, P andG.

Figure43.- Sltaticbendingspecimensshowing type
of fracture; topto bottom, materials

CL,C, R, P andG.
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FigureM .- Statlctoreionf3pecimene
showingtype of fracture,

squarecross-sections,leftto right,
materialsCL, C, R, P and G.

Figure 45.- Statictorsionepecimens

round cross-~~;%s~~~f~ft?%j%~’
materialsCL, O, R, P and G.
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Fi~e 46. - Static ten~ion creep specmnene
ehowingtype of fracturesleft

to right,materialsCL, C, R, P and 13.

Figure 47,- Dynamicteneionspecimens—
showingt?eleftto right,materias

Of fTaCtUrej
OL,C, R,PandG
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